
BIOMEDICAL REPORTS  15: 88,  2021

Abstract. Subclinical leprosy is an infectious disease 
in which the immune system remains infected with 
Mycobacterium leprae (M. leprae). The progress of subclin‑
ical leprosy to clinical cases within 1 year of infection is 1.5%, 
with an increase to 6% in the following 4 years. Rifampicin is 
frequently used for prevention of leprosy, and clarithromycin 
has a bactericidal effect on M. leprae. Thus, the combination 
of both is expected to improve disease control in patients with 
subclinical leprosy. The aim of the present study was to eval‑
uate the efficacy of a chemoprophylactic treatment involving 
rifampicin and clarithromycin against subclinical leprosy in 
elementary school children from endemic areas of East Java 
over a 5‑year period. The study was performed between 2011 
and  2015. Samples were collected from 2,548  healthy 
elementary school children in Nguling (Pasuruan) and Raas 
(Sumenep), and analysed using ELISA for anti‑PGL (phenolic 
glycolipid)‑1 IgM antibodies. Children who were seropositive 
for anti‑PGL‑1 IgM antibodies received a chemoprophylactic 
regimen consisting of rifampicin (300 mg/day) and clarithro‑
mycin (250 mg/day) daily for the initial 10 days, followed by 
the same regimen every 2 weeks for 3 months. Clinical and 
serological evaluations were performed annually for 5 years. 
Amongst the 2,548  healthy elementary school children, 

200 were seropositive. The anti‑PGL‑1 IgM antibody levels 
significantly decreased between 2011 and 2015 in Nguling (from 
1,066.7 to 137.4 U/ml) and Raas (from 773.1 to 563.4 U/ml), 
the levels decreased every year. In addition, the proportion of 
patients with decreased anti‑PGL‑1 IgM antibody levels was 
consistently higher than patients with increased anti‑PGL‑1 
IgM antibody levels in all periods, except during 2013‑2014, 
in Nguling and Raas. Chemoprophylactic treatment involving 
rifampicin and clarithromycin may thus be effective against 
subclinical leprosy amongst elementary school children.

Introduction

In 2015, Indonesia was amongst the three countries (along 
with India and Brazil) which reported >10,000 new leprosy 
cases, contributing to 8% of new cases globally. Amongst 
all new patients with leprosy in Indonesia, 10% had already 
progressed to disability on diagnosis, and 11% were chil‑
dren (1). Leprosy in children is quite common in endemic 
countries. Moreover, 20‑30%  of patients with new cases 
exhibit neuritis and some are diagnosed with disability (2). 
The younger patients (<15 years) show active circulation and 
transmission of Mycobacterium leprae (M. leprae) within the 
community, thus reflecting inefficiency in the national health 
system (3‑5). With regard to leprosy in children, the most 
important matter is the prevention of disability and deformi‑
ties by early detection and improved treatment of leprosy in 
leprosy endemic areas (6). Leprosy in children, particularly 
subclinical leprosy, may occur as currently, treatments are 
focused only on clinical leprosy, and subclinical leprosy is 
not a focus, even though patients with subclinical leprosy are 
sources of further infection.

A healthy individual exhibiting a sufficient immune response 
will typically attack an M. leprae infection; however, an indi‑
vidual with a compromised immune system may not be able to 
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fend of the M. leprae infection appropriately, and this condition 
is considered subclinical leprosy (7). Subclinical leprosy can 
develop into clinical leprosy within 2‑10 years, depending on 
the individual's immune status (8,9). In 2008, the International 
Leprosy Congress (Hyderabad) showed that 1.5% of subclinical 
leprosy cases progress to clinical leprosy cases within 1 year, 
which increases to 6% in the following 4 years (5,10,11). Thus, 
it is crucial to prevent the progression of subclinical leprosy to 
clinical leprosy, as the latter is more infectious and potentially 
more debilitating for the patient (5,10,11). Using sensitive and 
specific screening tests is important to control transmission 
of leprosy. Serological tests have become the most common 
approach to detect subclinical infection  (5,10,11). PGL‑1, 
a specific M. leprae cell wall antigen, is a popular antigen 
assessed for using antibodies, as its presence can be detected 
in the serum. Detection using these antibodies can be used for 
diagnosis, prediction of recurrence and identification of the 
risk of spreading the disease amongst individuals or within 
the community (5,10,11). A meta‑analysis by Penna et al (12) 
concluded that the risk of spreading from patients with clinical 
leprosy is ~3X higher amongst patients positive for anti‑PGL‑1 
antibodies than those who were negative for these antibodies. 
Furthermore, it has been shown that leprosy contacts (13,14) 
and population  (15) in an leprosy endemic area, with IgM 
anti‑PGL‑1 seropositivity have a 6‑fold higher relative risk of 
becoming ill from leprosy in the 6‑10 years of follow‑up.

Various types of chemoprophylactic approaches have 
shown favourable results for prevention of leprosy infection or 
subclinical leprosy. In a previous study, intermittent dapsone 
administration for 2 years and intermittent acedapsone admin‑
istration for 7 months reduced the risk of leprosy by 60 and 49%, 
respectively (16). The single‑dose rifampicin (SDR) chemopro‑
phylactic regimen is currently being used in Indonesia, as well 
as in India, as well as several other ASEAN countries (17). 
However, this regimen has been shown to reduce the incidence 
of leprosy by only 57% (18). The efficacy of this regimen is 
more distinguished in distant contacts than in close contacts of 
index patients and may be associated with the bacillary load, 
which is supposedly higher in close contacts than in infrequent 
contacts (19,20). Furthermore, studies have shown that SDR 
is effective for the prevention of leprosy only in those who 
receive a regimen; as such, SDR should be ideally administered 
to entire communities for it to exert an effect at the commu‑
nity level (19,21). Therefore, early detection of index cases, 
increased coverage of SDR post‑exposure prophylaxis (PEP), 
detection of subclinical leprosy followed by direct PEP and 
enhancement of the PEP regimen (PEP++ regimen) are required 
to improve prevention programs. The improved regimen is 
expected to be sufficiently effective for the treatment of patients 
with subclinical leprosy who possess a high bacillary load.

Clarithromycin exhibits a bactericidal effect on M. leprae 
and has an important role in the treatment of rifampicin‑resis‑
tant leprosy  (22‑24). The pharmacokinetics are promising 
given its ability to penetrate well into macrophages and leuko‑
cytes (4,25), which are the targets of M. leprae (5). Thus, a 
combination of clarithromycin and rifampicin may facilitate 
improved disease control in patients with subclinical leprosy.

The aim of the present study was to evaluate the efficacy of 
a chemoprophylactic treatment involving rifampicin and clar‑
ithromycin against subclinical leprosy in elementary school 

children from endemic areas in East Java (Indonesia) over a 
5‑year period.

Materials and methods

Criteria. The primary criteria for the present study were 
as follows: High endemicity (≥250 new cases per year in 
the last  3  years), epidemiological data available for at 
least the last 10 years, population not highly mobile, good 
collaboration with government health services, willingness 
to integrate prophylactic treatment involving leprosy health 
services, high logistical feasibility and good health infra‑
structure (including adequate leprosy services and contact 
screening).

Patients. The present study was performed annually between 
2011 and 2015. Samples were collected from 2,548 healthy 
elementary school students who were not contacts of patients 
with leprosy. The students were recruited from several 
elementary schools in one area, but the school grades differed 
according to age. All students obtained consent from their 
parents to participate in the present study, and signed an 
informed consent form that clearly stated the purpose of the 
research, the method of sample collection, and the lack of 
risk from medical procedures. They also received an agree‑
ment form and resignation form. The present study was 
approved by the Ethical Committee in Health Research Unit of 
Dr. Soetomo General Hospital Surabaya, Indonesia (approval 
no. 30‑511/H3.13/PPd/2012).

The recruited cohort consisted of 39 males and 59 females, 
and the age ranged from 7‑14 years old. The regions from which 
patients were recruited were located in East Java, Indonesia; 
specifically, Nguling (Pasuruan) and Raas (Sumenep). 
Collection of samples in this study was performed by home 
visits during the 5 years of observation, and was completed 
using portable equipment. Peripheral blood samples were 
collected from one finger following disinfection. The collec‑
tion of the blood used a capillary pipette; 100 µl was collected, 
and this was then placed on a filter paper (Whatman, PLC; 
GE Healthcare Life Sciences; cat. no. 1442 110) until dry to 
avoid contaminants, such as fungi (26).

Serological test. The samples were analysed using indirect 
ELISA using anti‑PGL‑1 (NTP‑BSA; cat. no. Nara XVII‑48) 
according to the manufacturer's protocol for anti‑PGL‑1 
IgM antibodies  (27). A level of 605  U/ml or above was 
considered to indicate seropositivity. Antibody titres were clas‑
sified as follows: +1, 605‑1,000 U/ml; +2, 1,001‑2,000 U/ml; 
+3, 2,001‑3,000 U/ml; and +4, >3,000 U/ml.

Treatment regimens. Participants who were seropositive for 
anti‑PGL‑1 IgM antibodies received a chemoprophylactic 
regimen involving rifampicin (300 mg/day) and clarithromycin 
(250 mg/day) every day for the initial 10 days and then received 
the same regimen every 2 weeks for 3 months. Evaluation of 
clinical and serological positivity was performed every year 
for 5 years (28,29).

Data presentation. Descriptive analysis was used for the 
results of the present study. Data presentation was performed 
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using Microsoft Excel version 16.42 (Microsoft Corporation), 
and included frequency (raw data) and mean of the anti‑PGL‑1 
levels (Table I).

Results

Among the 2,548 healthy elementary school children, 
200 were seropositive (79 from Nguling and 121 from Raas). 
During the 5 years observation period only 98 (49%) seroposi‑
tive children had complete data; Nguling 41.8% (33/79) and 
Raas 53.7% (65/121). In addition, certain children were lost 
after >1 follow‑up visit and could not be contacted, or their home 
was in a difficult to reach location. Other children moved with 
their parents to another city. Overall, the prophylactic drugs 
were well tolerated, and few side effects associated with the 
drugs were reported. Notably, after the 5‑years of observation, 
there were no children with subclinical leprosy that exhibited 
progression to clinical leprosy. The average of anti‑PGL‑1 IgM 
antibody levels decreased significantly between 2011 and 2015 
in Nguling and Raas (from 1,066.72 to 137.44 U/ml and from 
773.12 to 563.40 U/ml, respectively). Using the antibody titres 
classification, the results showed that Nguling was seroposi‑
tive +2 and Raas had seropositive +1 overall in 2011.

The proportion of patients with decreased levels of 
anti‑PGL‑1 IgM antibody in Nguling and Raas was consis‑
tently higher than patients with increased levels of anti‑PGL‑1 
IgM antibody in all periods, except during 2013‑2014.

Discussion

Elimination of viable M. leprae in a population is a crucial 
step to reducing transmission. To be successfully eliminated, 
it is important to consider that viable M. leprae are present 
not only in individuals with clinical leprosy, but also in those 
who have subclinical leprosy. Unfortunately, its presence in 
individuals with subclinical leprosy is often undetected, as 
the current treatment approaches tend to focus on individuals 
with clinical leprosy. This phenomenon may explain why it has 
proven difficult to completely irradicate leprosy (16).

The present study evaluated the efficacy of a chemopro‑
phylactic treatment regimen consisting of rifampicin and 
clarithromycin for 5  years. Early detection of subclinical 
leprosy can be performed using capillary blood and ELISA 
to determine the titre of anti‑PGL‑1 IgM antibody (21). The 
procedure was relatively easy, applicable and convenient for 

the participants. The samples can be dried and stored for a 
relatively long time prior to analysis or referral (21). Therefore, 
this procedure may be suitable to support the sustainability 
of early detection and prophylactic programmes. However, a 
previous study showed that anti‑PGL‑1 antibody was not an 
efficient predictor of contacts that may develop leprosy in 
endemic areas, and suggested that more specific biomarkers 
are required for early detection of leprosy (30). Another study 
showed that the sensitivity of anti‑PGL‑1 antibody for early 
detection of clinical leprosy was <50%, although the speci‑
ficity was 80% (3). Nevertheless, as mentioned in a study by 
Barreto et al (3), several reports have found higher levels of 
anti‑PGL‑1 antibodies in children and young adults compared 
with older adults (3). Moreover, this previous study reported 
higher levels of anti‑PGL‑1 antibodies in children living in 
rural areas (considered to be busy areas facing food shortages) 
than in children living in high‑income areas.

Previous studies on leprosy contacts (13,14) or on blood 
donors representing the population of an endemic area in 
south eastern Brazil (15) found a 6‑fold higher relative risk of 
illness in individuals who were IgM anti‑PGL‑1 seropositive. 
The present study showed a promising result of a decrease 
in the average levels of anti‑PGL‑1 IgM antibody every 
year for 5 years with prophylactic treatment. These results 
contradict the findings of Moet et al (18) who showed that 
chemoprophylactic treatment involving SDR had a protec‑
tive effect only for the initial 2 years. In their initial 2‑year 
follow‑up, rifampicin prevented leprosy, particularly in indi‑
viduals aged 10‑14 and 20‑29 years old. The difference in 
results may be related to the addition of clarithromycin. The 
present study used children who were not contacts of patients 
with leprosy, and the age range of the recruited cohort was 
7‑14 years old, all from an endemic area of leprosy. However, 
a previous study by Ghidar et al (31) showed that the addi‑
tion of clarithromycin to a single‑lesion therapy regimen 
did not increase cure rates (31). Nevertheless, at the 2‑year 
follow‑up, relapse rates were lower in the patients who 
received clarithromycin compared with those who did not; 
however, the difference was not significant. M. leprae is an 
obligate intracellular pathogen, which attacks macrophages 
for replication. A previous study on M.  leprae‑infected 
macrophages showed that invasion interferes with the activa‑
tion of the cell‑mediated immune responses that are required 
to attack M. leprae (32). Thus, the bactericidal activity of 
clarithromycin in macrophages can help improve the host's 
immune response, to reduce the amount of viable M. leprae 
and possibility of clinical leprosy.

Previous studies have shown that prophylactic treatment is 
very effective when given to the entire population, rather than 
only close contacts of patients with leprosy (19,20). This may 
be related to the presence of viable M. leprae in undetected 
individuals or in those from untreated areas (20). However, 
favourable results were obtained in the present study, even 
though prophylactic treatment was only administered in a 
population of elementary school children.

A previous study in families of patients with leprosy 
treated with a multidrug treatment (MDT) regimen showed 
that several parents were not sufficiently educated. The drugs 
in the MDT regimen are usually taken by children, and it has 
been reported certain children are administered the incorrect 

Table I. Mean of anti‑PGL‑1 IgM antibody levels in the chil‑
dren recruited from Nguling and Raas between 2011 and 2015.

	 Mean
	-----------------------------------------------------------------------------
Year	 Nguling	 Raas

2011	 1066,71875	 773,123077
2012	 685,15625	 560,923077
2013	 450,59375	 281,276923
2014	 599	 411,353846
2015	 137,4375	 5,634
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drugs. Therefore, education of chemoprophylactic regimens 
for parents and teachers should be integrated into treatment 
programmes to promote a positive attitude and supportive 
environment for children (33).

The present study has some limitations. Specific doses 
of rifampicin and clarithromycin according to age and body 
weight were not used. The dosage used was based on the 
age range, as this method is easy but still valid when used in 
home visits. Treatment with specific doses may help optimize 
therapy and minimize side effects (28,29).

In conclusion, the prophylactic treatment of children with 
subclinical leprosy showed good results over the 5  years 
evaluation period, and the prophylactic regimen used was 
well tolerated. After the 5‑years of observation, there were no 
children with subclinical leprosy that exhibited progression 
to clinical leprosy, thus this regimen should be considered 
as a future prophylactic treatment for subclinical leprosy, 
particularly in children.
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